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Hovel Transformant and Use Thereof

This invention relates to a novel transformant and

a method of producing a human interleukin-2 protein.

Interleukin-2 [hereinafter referred to as IL-2; also

called T-cell growth factor (TCGF) ] is a lymphokine pro-

duced by T cells upon stimulation by a lectin or alloanti-

gen [Science, 193, 1007-1008 (1976); Immunological Reviews,

51, 257-278 (I960)]. IL- 2 Iaabl„ ion?-?eriod

maintenance, by subculturing in vitro , of T cells by allow-

ing their growth in vitro while maintaining their functions

and, further, it is reported that IL-2 has an. activity of

promoting the mitogenic reaction of thymocytes (function

as ccnstimuiator)
, restoring the ability of nude mouse

spleen cells to produce antibodies to T-cell-cependent

antigens (function as T cell replacing factor) , or promoting

the differentiation and proliferation of killer cells

(function as killer helper factor) [The Journal of Immunol-

ogy, 123, 292S-2929 (1979); Immunological Reviews, 51, 257-

278 (1980)]

.

A large number of clones of killer T cells or helper

T cells and, further, natural killer cells have so far been

obtained through the utilization of IL-2 [e.g. Nature, 258,

154-156 (1977); The Journal of Immunology, 130 , 981-987

(1983)]. in addition to such direct use in cloning T cells



- 2 - 0172619

or natural killer cells, the use of IL-2 can result in

selective in vitro growth of antigen-specific killer T

cells capable of recognizing and destroying a certain

particular antigen, for example a tumor antigen. By

5 introducing into animals tumor-specific killer T cells

grown in this manner, it is possible to control or inhibit

tumor growth [The Journal of Immunology , 130 , 1904-1909

(19 80)]. Furthermore, it is known that IL-2 induces the

production of interferon y [The Journal of Immunology,

10 130 , 1784-17B9 (19 82) ] and that XL-2 activates .natural

killer cells [The Journal of Immunology, L30, 1970-1973

(1983)].

These experimental findings suggest the possible

utility of IL-2 as an antitumor ' agent . It is further known

15 that IL-2 restores the helper T cell function in nude mice

which are deficient in thymus functions [European Journal

of Immunology, 1£, 719-722 (1980)] and restores the induc-

tion of killer T cells against allogenic cells [Nature, 284 ,

278-280 (1980)], and therefore IL-2 can be expected to be

20 useful in the -treatment of immunocompromised patients,

Taniguchi et al. [Nature, 302 , 305-310 (1983)] and

Devos et al. [Nucleic Acids Research, 11, 4307-4323 (1983)]

separately cloned the human IL-2 gene, described the amino

acid sequence of the human IL-2 polypeptide as estimated therefrcm

25 and reportedly succeeded in causing the expression of said gene.

In the work of Devos et al. cited above, said gene

was expressed in Escherichia coli , and the protein obtained
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in that Banner is estimated to.be a unglycosylated protein.

On the other hand, the report of Taniguchi et al. de-

scribes that the human IL-2 gene was expressed using the

promoter of SV-4G and trans fecting simian COS-7 cells. This

5 method estimatedly can produce glycosylated human IL-2.

However, the cells used there cannot be maintained under this

condition for a long term but have only temporary protein-

producing activity. Therefore, the method is not a

satisfactory one from the practical viewpoint.

10 The present inventors established an industrially-

advantageous method of producing a glycosylated human IL-2

protein by producing an animal cell transfoncant having a

DNA coding for the human IL-2 protein and cultivating said

trans formar.t and thus completed the present invention.

15

The present invention provides an animal cell trans-

formed with a DNA having a region coding for human IL-2

protein and at least one promoter upstream therefrom as well as a

method of producing a human IL-2 protein which comprises

20 cultivating said transforraant to thereby cause production

and accumulation of a human IL-2 protein and recovering

the same.

The DNA having a human IL-2 protein-encoding region,

which is to be used in the practice of the invention, may

25 be any of those DNAs which code for the himan IL-2 protein

having the formula
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1

Ala Pro Th r Ser Ser Ser TH r Lys Lys Thr Gin Leu

Gin Lea Glu His Leu Leu Leu
20
Asp Leu G In Me t lie

Leu As ii Gly lie Asn Asn Tyr Lys Asn Pro Lys Leu

Thr Arg Met
40
L eu Thr Phe Lys Tyr Met Pro Lys

5 Lys Ala Thr Glu Leu Lys Eis Leu Gin Cys Leu
60
Glu

Glu Glu Leu Lys Pro Leu Glu Glu Yal Leu Asn Leu

V* — 11 O s- — T vs A ^ n Ph e EisLX JL W
80
L en r- i. g * x u A re?Arg Asp

Leu lie Ser Asn lie Asn V&l lie Val Leu Glu Leu

Lys Gly Ser
100
Glu Thr Thr Phe Met Cys Glu Tyr Ala

10 Asp Glu Thr Ala Thr lie Ya.1 Glu Phe Leu Asn
120
Arg

Trp lie Thr Phe Cys Gin Ser lie He Ser Thr Leu

or a polypeptide substantially equivalent thereto in activity.

The human IL-2 structural genes described in tl^e reports of

15 Taniguchi et al. and Devos et al. and the DNA lacking

four co dons at the 5' terminus of the human IL-2 structural

gene described in Japanese Patent Application No. 235638/1983

Cfiled December 13, 1983) are examples. A particularly

20 preferred one is, for example, the DNA having the base

sequence represented by the codons 1 to 133 shown in Fig. 1.

As the promoter, there may be used any of the promoters

for the expression in animal cells.

The above-mentioned DNA may have at least one enhancer

25 in addition to a promoter.

The promoter and enhancer are preferably animal virus-

derived ones, such as derived from simian virus, murine

retrovirus or human retrovirus.
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More specifically, there nay be mentioned, as the promoter, the promoter

region of SV (simian virus) 40 (Okayama et al., Molecular

.

and Cellular 3iology, 3, 280-289 (1983)] and the promoter

occurring in various retrovirus LTR (long terminal repeat)

5 regions

.

As the retrovirus LTR region-derived promoters, there
may be mentioned, for example, the followino:

o Abelscn murine leukemia virus (A-MuLV) (Goff, s. P.

et al., Cell, 22, 777-785 (1980)],

# y Tils virus (M-MuLV) [Niwa e+- si

Cell, 32. 1105-1113 (1983)],

o Adult T cell leukemia virus (ATLV) [Yoshida et al.,

Proceedings of the National Academy of Sciences of

USA, 79, 6899-6902 (1982)], and

15 o Avian sarcoma virus (ASV) [Kitamura e-t al., Nature,

297 , 205-208 (1982)].

In the practice of the invention one or two or more

of the above-mentioned promoters may be used.

As the enhancer, there may be mentioned,
20 for example the enhancer occuring in

the SV 40 promoter region [Okayama et al., vide supra] end
the enhancer occurring in a retrovirus LTR region, and
particularly preferred is the enhancer in the repeating
base sequence portion of the above-mentioned LTR regions.

25 As the virus-derived enhancer, there may be .mentioned,
for example, the following:

A-MuLV (Goff, s. P. et al., vide supra],

M-MuLV [Niwa et al., vide supra],

ATLV [Yoshida et al., vide supra] and

30 ASV [Xitamura et al., vide supra].
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In the practice of the invention, one or two or more

of the enhancers such as mentioned above may be used.

The above-mentioned promoter and enhancer can be

selected for their proper use depending on the animal cell

5 species to be transformed.

For transforming murine cells or hamster cells, for instance, the

promoter and enhancer in the LT?. region of a retrovirus,

particularly A-MuLV or K-KuLV and/or the promoter and

enhancer in the SV 40 promoter region are preferable.

10 For transforming human cells, the promoter and

enhancer in the LTR region of a retrovirus, preferably

a human-derived retrovirus, in particular ATLV, are

preferred.

The gene expression system as disclosed herein by

15 way of example, which comprises both the promoter (optional-

ly with the enhancer therefor) of a retrovirus and the

SV40 promoter (optionally with the enhancer therefor) f

may lead to efficient expression of a particular gene

in a variety of animal cells upon transformation of animal

20 cells, followed by collecting animal cell transformants

(optionally following cloning) and allowing the prod-

uction of the gene expression product.

Therefore, the above expression system may be

used advantageously in the expression, in animal cells,

25 of not only the IL-2 gene but also genes for useful

proteins such as lymphokines (e.g. interferon-a, inter-

f eron-fi, interferon-y / lymphotoxin, tumor necrosis
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factor) and hormones (e.g. insulin, somatostatin, human

growth hormone)

.

For producing a particular protein at high ef-

ficiency in animal cells, a procedure for increasing

5 the copy number of a particular gene {e.g. IL-2 gene)

per cell may also be followed in addition to the

elaboration and use of promoter and enhancer. For

instance , a gene which is amplifiable and may also be

used as a selective marker as desired, such as the

10 dihydrofolate reductase CPHFR) gene, can be inserted

into the plasmid at a site close to the gene to be

expressed (U. S. Patent No. 4,3S9,215).

The DMA for animal cell transformation, which is to

be used in the practice of the invention and has a region

15 coding for a human protein and a promoter upstream

therefrom, can be- produced, for example, from a cloned plasmid

containing a DNA (cDNA) having a region coding for

IL-2 protein, a plasmid containing a promoter, for example

a virus-derived promoter, (further an enhancer as necessary)

20 ^nd a splice region and a plasmid containing, for example

a poly (A) addition region.

For illustrating the method of producing the above-

mentioned DNA for animal cell transformation more specifi-

cally, a case is described below in which the DNA shown in

25 Fig. 1 (cDNA in pILOT135-8) is used as the DNA having a

region coding for human IL-2 protein.

PILOT135-8 is cleaved with the restriction enzymes

Pst I and Stul, followed by. ligation with the BaraHI linker at the

StuI site. Separately, a plamid having a promoter and a

splice region [e.g. pPll; Okayama et al., vide supra] is
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cleaved with Kindlll and PstI, and a plasmid having a

poly (A) addition region [e.g. pCDVl; ibid . ] with Hindlll

and BamHI. The three DCTA fragments are ligated together

and the product is used for the transformation of

5 Escherichia coli DH1, for instance. Ampicillin-resistant

colonies are selected, cultured and extracted, whereby

a plasmid (I) for animal cell transformation which has

a region coding for a human IL-2 protein can be isolated.

This plasmid (I) has a region coding for human IL-2 between

10 -the promoter/splice region of the SV40 DNA and the poly (A)

addition 'region.

If necessary, the above plasmid (I) may be cleaved at the

Hindi11 site occurring upstream from the SV40 promoter

region, a base sequence repeat portion DNA fragment of the

15 cloned LTR region of the above-mentioned retrovirus isolated,

purified and ligated with the Hindlll linker, and the

ligation product inserted into the above-mentioned plasmid

(I) at. the Hindlll site thereof, whereby a plasmid (II) for

animal cell transformation can be constructed. This plasmid

20 (xx) has the retrovirus-derived promoter and enhancer and,

downstream therefrom, a region coding for human IL-2 protein

between the promoter/splice region of the SV40 DwA and the

poly (A) addition region.

25 xf necessary, the above plasmid (II) is further

cleaved, for example with the restriction enzyme Clal and,

after inactivation of Cla l , a Clal DMA fragment upstream
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from the LTR region is removed by the action of T4 DMA

ligase, whereby a plasmid (III) with the Kindlll cleavage

site only between the LTR region and the SV40 promoter

region is constructed. The plasmid (III) is cleaved with

5 the restriction enzymes HindiII and Xhol, both cohesive

ends are rendered blunt and licated together by the T4

DtTA ligase reaction, whereby a plasmid (IV) for animal cell

transformation may be constructed. The plasmid (IV) has

the promoter and enhancer of the retrovirus LTR region and,

10 downstream therefrom, a human IL-2 protein-encoding recion.

If desired, plasmid (IV) is cleaved with the re-

striction enzyme Clal , the cohesive ends are rendered

blunt and then a HindIII linker is joined thereto.

The product is cleaved with Kindlll, deprived of the

15 above-mentioned retrovirus (Mu-LV) -derived promoter and

enhancer are removed, and the plasmid is made circular.

From the ATLV cDNA (Yoshida et al. f vide supra), the

LTR region thereof is excised and inserted into the

above plasmid to give a plastic (V) having the promoter

20 and enhancer from the human retrovirus LTR region and,

downstream therefrom, the human IL-2 gene.

Separately, the Kindlll cleavage site of plasmid

(IV) is converted to a Xho l site, and the PstI cleavage

site on the 5' end side of the IL-2 gene to an EcoRI site.

25 A Bglll cleavage site is inserted into said plasmid

directly before the BamHI cleavage site on the 3
1 end side

and a Clal cleavage site and a Hindlll cleavage site are

inserted thereinto downstream from the poly (A) addition
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region, thereby plasmid (VI) is obtained.

The plasmid (VI) is digested with Clal and a DNA

fragment thereof containing MuLV-LTR f IL-2 gene, and so

on is inserted into zSl hamster DHFR gene cDNA-containing

5 plasmid at the Clal cleavage site. This gives a plasmid

(VTI) having the IL-2 gene downstream from the retrovirus

-

derived promoter and f further downstream therefrom, the SV40

promoter and DHFR gene.

Furthermore-/ a BamHI DNA fragment of a DHFR gene-

10 containing cDNA is inserted into the plasmid (VI) at the

Bglll cleavage site to give a plasmid (VIII) having the

IL-2 gene and DHFR gene dovm stream from the retrovirus-

derived promoter.

The animal cell transformants according to the inven-

15 tion may be produced , for example, by transforming animal

cells with a DNA (plasmid) having a human IL-2 protein-

encoding region and, upstream therefrom, a promoter, fol-

lowed if necessary by selection and is clarion.

As the above-mentioned animal ceils, there may be

20 used any animal cells which allow the expression of the

IL-2 gene, for instance mouse cells [e.g. L cells;

Proceedings of the Society of Experimental Biology and

Medicine, S^2, 893 (1956)], rat cells [e.g. NRK cells;

Journal of Cell Physiology, 94, 335 (1978)], chicken-

25 or duck-derived cells, human cells [e.g. FL cells;

Proceedings of the Society of Experimental Biology and

Medicine, 9^4, 532 (1957)] and hamster cells [e.g. CHO

cells; Proceedings of the National Academy of Sciences

of USA, 77, 4216 C1980) J

.
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The transformation is carried out. by the contrans-

formation method [Wigler et al., Cell, 16, 777-785 (1979)],

whereby the desired animal cell trans formants may advan-

tageously be selected and isolated.

5 Thus, cells of an animal deficient in a specific gene

[thymidine kinase (TK) gene, adenine phosphoribosyl trans-

ferase gene, DHRF gene, etc.], for example mouse TK gene-dificient

L cells or hamster DHRF gene -deficient CKO cells,

are transformed using simultaneously a DNA (plasmid) havir.c

10 the above-mentioned human IL-2 protein-encoding region and

sc forth and, as a marker, a plasmid having the above gene

deficient in said cells, or normal cells are cotrans formed

using simultaneously, as a marker, a plasmid containing an

antibiotic (e.g. neomycin) resistance gene. In the former

15 case, the desired transformerts may easily be selected anr.

isolated by the known method [Wigler et al. , vide supra;

Lee et al., Nature, 29j4, 228-232 (1981)] and, in the latter,

by adding the corresponding antibiotic or a derivative

thereof [e.g. geneticin (G418)] to the cell cutiture

20 medium, followed by cultivation [Colbere-Garaoin et al.,

Jornal of Molecular Bioloav, 150, 1-14 (1981).

The former method and latter method may also be used

in combination for transformant selection and collection.

The cloned animal cell transformants having the IL-2

25 gene have been provided for the first time by cotransforma-

tion and may be used advantageously in the production "of

glycosylated IL-2 and so forth.

The human IL-2 protein of this invention can be
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produced by cultivating the above-mentioned transformants

according to the invention to thereby cause production

and accumulation of said protein in the culture and

recovering said protein.

The cultivation is conducted using a medium for

animal cell culture, such as MEM medium supplemented with

bovine fetal serum or a mammalian serum-derived composition

by subjecting a mammalian serum to a contaminant microor-

ganism inactivating step and a purification step involving

salting out and desalting [Japanese Patent Application

Wo. 521/1934 (filed January 9, 1984)].

The cell culture is generally conducted at 3Q-40°C

for 2-10 davs.

When a trans formant carrying a gene amplification

gene (e.g. DKFR gene) is used, the yield of a particular

protein can be increased by first cultivating the trans-

formant under appropriate gene amplification conditions

(for the DHFR gene, in the presence of methotrexate,

generally in a concentration of 1-100 jdl) to thereby

cause marker gene amplification, which results in an in-

crease in the copy number of a particular gene.

The IL-2 protein produced and accumulated in the

culture may be separated from the culture supernatant and

purified by an appropriate combination of known separation
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and. purification methods, although the culture broth after

removal of cells may be concentrated and dried and

the dried product may also be used as it is.

Such known separation and purification methods include

among others, a method taking advantage of solubility dif-

ference, such as salting out or precipitation by adding a

solvent; a method principally taking advantage of molecular

weight difference, such as dialysis, ultrafiltration, gel

filtration or SDS-pclyacrylamide gel electrophoresis; a

method utilizing electric charge difference, such as ion

exchange chromatography; a method making use of specific

affinity, such as affinity chromatography; a method making

good of hydrophobic!ty difference, such as reversed-phase

high-performance liquid chromatography; and a method uti-

lizing difference in isoelectric point, such as isoelectric

focusing.

If necessary, the IL-2 protein-containing solution

obtained here may be converted to the powder form by ly-

ophilizaticn. In this iycchilization, there may be added

a stabilizer such as sorbitol, mannitol, dextrose, maltose,

glycerol or human serum albumin (HSA)

.

By using the method of producing a human IL-2 protein

using the animal cell trans formants according to the inven-

tion, a glycosylated human IL-2 protein may be produced

easily and in large quantitites.

The glycosylated human IL-2 protein obtained in ac-

cordance with the invention has low toxicity and substantial



0172619

ly the same activities as known natural human IL-2 - The

phrase "substantially the same activities as natural human

IL-2" as used herein means the following biological and

immunological activities, among others. Thus, it has an

activity to enable normal T cells or natural killer cells

to proliferate while maintaining their functions . There-

fore, the human IL-2 protein according to the invention

may be used in growing and subculturing T cells or natural

killer cells in vitro for a long period of time or in

cloning them. This property may also be utilised in human

IL-2 activity assay.

Furthermore, the human IL-2 protein according to the

invention may enable the in vitro selective growth of

antigen-specific killer T cells capable of recognizing and

destroying a tumor antigen, for instance, or of natural

killer cells capable of killing a tumor irrespective of

experience cr nonexperier.ee of antigenic sensitization.

When said killer T ceils are introduced into a living body,

simultaneous inoculation with the human IL-2 protein ac-

cording to the invention increases the antitumor effect.

Therefore, said protein may be used in the prevention and

treatment of tumors in warm-blooded animals (e.g. mouse,

rat, rabbit, dog, cat, pig, horse, sheep, cattle, human) or

in the treatment of immunocompromised state in such animals

For the purpose of enabling proliferation of T cells

in vitro , the human IL-2 protein according to the invention

may be added to the medium in a concentration of about 0.01
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to 1 unit/ml, preferably about 0.1 to 0.5 unit/ml.

In an embodiment: in which it is used for the purpose

of enabling proliferation of T cells in vitro , the human

IL-2 protein according to the invention is added, for exam-

ple, in a concentration of 0.1-0.5 unit/ml, to a cell sus-

pension containing alloantigen-sensitized T cells as- obtained

by 3-day mixed lymphocyte culture in RPMI 1640 medium con-

taining 20% fetal bovine serum at 37°C and in the presence

of 5% C0
2

cf T ceils (1 x 10
6

ceils/ml) separated frcrr. human

peripheral blood and 3 cell transformants (1 x 10
6

cells/ir.1)

irradiated with X-ray (1, 500 rad) , and the culture cf said

alloantiger.-sensitized T cells is continued for about 1 month

while exchanging the medium at about 1-week intervals.

In using the human IL-2 protein according to the inven-

tion as a prophylactic and therapeutic agent against tuners,

said protein -ay be mixed with a per se known carrier fcr

dilution and administered parenteraily or crallv in the fcrrr.

ox injection or capsules, for instance. it can

be used either aicne or in ccrrbinaticr. with killer T cells

or natural killer cells grown in vitro as mentioned above.

The human IL-2 protein according to the invention is

a glycosylated one and has substantially the same biological

activities as known human IL-2 separated from nature.

Therefore, it may be used in the same manner as said natural

one

.

As compared with human IL-2 produced in Escherichia

coli, for instance, by the recombinant DNA technology, the
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human IL-2 protein according tc the invention, v/hich is

a glycosylated one, is higher in solubility in water and

may be purified and made up into pharmaceutical prepara-

tions with advantage and may be used with advantage.

5 The human IL-2 activity data given in this specifi-

cation were obtained in the following manner.

Thus, a transformant culture supernatant or an IL-2-

containing sample was added tc a medium containing, in the

form of a suspension, a mouse cell line growing

10 in the ZL-2 concentration-dependent -manner and, after

incubation, the proliferation of said cell line was

determined with the tritiated thymidine uptake as an

index. For the calculation of the number of units (U) for

the sample, a standard IL-2 sample (1 U/ml) was used

15 always in parallel for the assay. =nc said number of units

was calculated from the ratic therebetween.

More specifically, an Il-2-dependent mouse cell line

[ (NKC3) , riinuma en al. , Biochemical and Biophysical Research

Communications, 109 , 363-369 [1922): maintained by pas-ace

20 in 20% FCS-added R?MI 1640 medium containing conditioned

medium and the trans fcrmant cell culture supernatant or

human IL-2 at 37 °C in the presence of 5% CCu is v/ashed

twice with serum-free RPKI 1640 medium and resuspended in

20% FCS-added RPKI 1540 medium in a concentration of 6 x 10°

25 cells/ml.

A sample containing the transformant cell culture

supernatant or IL-2 is distributed in 50-pl portions into

the first-row wells of a 96-well microtiter plate (Nunc,
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Denmark) and a doubling dilution series is mace up to the

12th row by using 50-Ul portions of 20% FCS-added R?MI 1640

medium. Thereafter, the above-mentioned KKC3 cell suspension

is distributed in 50-ul portions into the wen =

5 is conducted at 37-C in the presence of 5% CO., for 24 hours.

At hour 20 of incubation, 1 uCi of tritiated thymidine

(Amersham, Great Britain) is added to each well. After 4

further hours of incubation, cells are recovered on a glass
filter using a cell harvester (Flow, USA) and measured for

10 the tritiated thymidine uptake using a liquid scintillation

counter. In assaying, the same procedure as above is fol-

lowed with a standard IL-2 sample for measuring the tritiated

thymidine uptake.

The unit (U) number calculation is carried cut by the

15 probit conversion method according tc Journal of Immunology,

120, 2027-2021 (1978). Thus, a standard IL-2 sample Uhe
cen—ifugai supernatant of a culture of human peripheral

blood lymphocytes suspended in 10% FCS-added R?MI 1540 medium

in a concentration of 3 x 10 6
cells/mi and incubated at

20 37°C in the presence of 5% C0
2
with 40 Ug/ml of concanavalin

A and 15 ng/nl of 12-0-tetradecanoylphorbol-13-acetate added

being defined as having an activity of 1 U/nl) is serially

diluted and the maximum uptake value in the dilution series

is regarded as 100% and used for the calculation of the

25 relative uptake value (%) for each dilution step. The

numerical values obtained are plotted on normal probability

paper and the dilution factor to which an uptake of 50%

corresponds is determined graphically. In the same manner,
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the dilution factor corresponding to an uptake of 50* is

determined for the IL-2-contain'inc sample to be assaved.

The IL-2 activity (U/mi) for a sample is calculated

according to the formula:

Dilution factor at which sample shov/s 50% uptake

Dilution factor at which standard IL-2 shows 30% uotake

The specific activity of natural IL-2 obtained from

human peripheral blood was 20,000-70,000 U/mg as determined

by the above assay method.

In the present specification and drawings,, the bases

and so on, when indicated by abbreviations, are indicated

by abbreviations according to the IUPAOIUS Commission on

Biochemical Nomenclature or by abbreviations conventional

.in the relevant field. The following is a list of examples;

DN"A : Deoxyribonucleic acid

cDNA : Complementary deoxyribonucleic

A J: Adenine

T : Thymine

G :: Guanine

C : Cytccine

SNA !: Ribonucleic acid

nvKNA ; Messencer ribonucleic acid

dAT? j: Deoxyadenosine triphosphate

dTTP Deoxythymidine triphosphate

dGT? : Deoxyguanosine triphosphate

dCT? : Decxycytidine triphosphate •

ATP : Adenosine triphosphate

EDTA : Ethylenediaminetetraacetic acid
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BRIEF DESCRIPTION OF DRAWINGS

Pic.
1 shows the priroary structure (base sequence, of

the IL-2 gene of the plasmid P ILOTI35-8 obtained in Refer-
ence Example (vii,

, £nd Fig . 2§ Fig 2f F±g>^^^ §^ ^
5 construction schene for the plasaid p.3106 for aninal cell

transformation in ="V -_,_•) - , ...~XcmPie 1 for the plasmids pTS213
"dpiMIS tnW. , for the plasnid pTB3i4 ^^le 1 ttiil. ^385 1 (ivK «4 m85, ^ ^
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, respectively. F-<
-

c 7 P-frr o - „ .
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shows the rssults of autoraSiography ia ^
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with 10-folc and « or.f.i ^ - . ^ . .

,
•
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< respectively and lanes

15 3, 4, 5, and 6 r~r-— t.,e reaction or anti-human IL-2 anti-
serum wirh iO-foic, ioo--~i~ 1 nrn - 1 -- w—

'
1/000-rclc and 10, 000-fcld

dilutions, respectively. Lane 7 shows the crude lysate
prepared from cells labelled with 35

S-methionine.
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The present invention will be explained more

concretely by the following Reference Examples and Examples,

but the present invention is not rectricted by them.

5 The transfonnants disclosed in the Examples are deposited

with the Institute for Fermentation, Osaka (IFO) under

the following deposit numbers , respectively.

Mouse L-IL213-3 cell: IFO-50049

Human FL-IL385-6 cell: IFO-50050

10 Hamster OIL485-14 cell: IFO-50Q51

The transformant Escherichia coli DHl/pTF4 is deposited

with IFO under the deposit number IFO-14 299, and with the Fermen-

tation Research Institute, Agency of Industrial Science and

Technology, Ministry of International Trade and Industry, Japan

15 (FRI) under the accession number FERM BP-628.

Reference Example Isolation of human 11-2 ger.e-ccr.r = ir.ir.=

plasmic

(i) Isolation of m=NA coding for human IL-2 :

20 For inducting IL-2 , lymphocytes prepared from human

peripheral blood were incubated at 37 °C in R?MI 1640 medium

(containing 10% feral bovine serum) containing 12-O-tetra-

decar.oylphorbol- 13-acetate (T?A) (15 ng/ni) and concanavalin

A (40 ug/nil). After 24 hours, 1 x 10
10

lymphocyes thus

25 induced were destroyed and denatured in a solution containing

5 M guanicine thiocyanate, 5* mercautoethanol , 50 raK Tris-KCl

pK 7.6, and 10 mM EDTA with a Teflon homogenizer. Then,
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sodium N-lauroyisarcosir.ate was added in a concentration of

4% and the mixture, after homocenization, was layered on

7.5 H cesium chloride solution (7.5 M cesium chloride, 0.1 M EDTA) ,

followed fay centrifugation at 15'C and 24,000 rpm for 48

hours using a Beckman s;:28 rotor, whereby an RNA precip-

itate was obtained. This RIIA precipitate was dissolved in

0.25% sodium N-lauroyisarcosinate solution and thereafter

precipitated with ethar.cl to give 10 eg of RNA. This RIJA

was allowed tc be adsorbed on an oiigo (dT) -cellulose colons

in -a high-concentration salt solution [0.5 K KaCl, 10 ail

Tris-HCl pH 7.8, 1 nil EDTA, 0.3% SDSj and the poly (A)

-

Containing aiSLN'A was eluted with a low-concentration salt

solution (10 mM Tris-HCl pH 7.6, 1 bH EDTA , 0.3% SDS) ,

whereby 300 ug of poly (A) -containing a25JA was isolated.

This nSNA was further precipitated with ethanol, the

precipitate was dissolved in 0.2 ml cf a solution (10

Tris-HCl ?H 7.6, 2 mM EDTA , 0.3% SDS) and, after treatment

at 6= 3 C for 2 minutes, fractionated by 10-35% sucrose

density gradient cer.zrifugation (centrifugation at 20 8 C and

25,000 rpm for 21 hours using a Beckman SW28 rotor) to give

22 fractions. Aliquots of each fraction were injected into

oocytes of Xenopus laevis and the IL-2 activity in the

protein synthesized was assayed. The IL-2 activity was

found with fractions 11-15 (sedimentation coefficients 8S-15S)

The IL-2 uiRNA in these fractions weighed about 25 ug.

(ii) Synthesis of single-stranded DNA

Using the mRNA obtained in the above and reverse
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transcriptase, incubation was conducted in 100 ul of a

reaction mixture (5 ug of mRNA , 50 g of oiigo (dT) , 100

units of reverse transcriptase, 1 mM each of dAT? , dCT?,

cGTP and dTTP, 8 irJtt MgCl
2

, 50 mM KC1, 10 mK dithiothreitol,

5 50 mM Tris-ECl pH 8.3) at 42°C for 1 hour, deproteinization

was then effected with phenol, and SNA was decomposed and

removed by treatment with 0.1 K NaOK at 70 °C for 20 minutes.

(iii) Synthesis of double-stranded DNA

The single-stranded complementary n::A thus synthesized

10 was incubated in 50 ul of a reaction mixture [the same

reaction mixture as above except that it contained neither

ZTiRNA nor oligc(dT)] at 42 = C for 2 hours, whereby a double-

stranded DMA was synthesized.

(iv) Addition of dC tail

15 This double-stranded 3N"A was subjected to the action

of nuclease SI in 5 C ul of a reaction mixture (double-

stranded DNA, 0.1 M sodium acetate ?H 4.5, 3.25 i;aCl , 1.5

mM ZnSO^ , 60 units of SI nuclease) at roc- temperature for

50 minutes, followed by deproteinization wi-h pher.cl and

20 DMA precipitation with ethanol. The precipitate was sub-

jected to the action of terminal transferase in 50 ul of a

reaction mixture (double strancei DKA, 0.14 M potassium

cacodyiate, 0.3 M Tris (base) pK 7.6, 2 mti dithiothreitol,

1 mM Cod.,, 0.15 miM dCT?, 20 units of terminal transferase)

25 at 37 °C for 3 minutes, whereby the double-stranded DMA'was

extended by a chain of about 15 deoxycytidines at each 3
1

end thereof. This series of reactions gave about 300 ng of
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a double-stranded c:-A having deoxycytidine chains,

(v) Cleavage of Escherichia coli plasmid and addition of

dG tail

Separately, 10 ug of the Escherichia coli plasmid

PER322 DMA was subjected to the action of the restriction

enzyme PstI in 50 pi of a reaction mixture {10 ug of DUA,

50 BN NaCl, 6.VK Tris-HCl pE 7.4, 6 mM MgCl2/ 6 nM 2-

mercaptoethanol, 100 ug/ml of bovine serum albumin, 20

units of PstI) at 37°c for 3 hours to thereby cleave the

one PstI recognition site occuring in the pBH322 DNA, fol-

lowed by deproteinization with phenol. The cleavage prod-

uct was subjected to the action of terminal transferase

in 50 ul of a reaction mixture (10 ug of DNA, 0.14 K potas-

sium cacodylate, 0.3 M Tris (base) pE 7.6, 2 mi-! dithio-

threitol, 1 ksM CoC1
2 , 0.15 mM GT? , 30 units of terminal

transferase) at 37=C for 3 minutes to thereby extend the

above piasnic pBR222 DKA by a chain of about 17 decxy-

guanidines at each 3' end thereof.

(wi) Annealing of cDNA and transformation of Escherichia

coli

The thus-obtained synthetic double-stranded DNA (0.1

ug) and 0.5 ug of the above-mentioned plasmid pBR222 were

annealed by heating in a solution comprising 0.1 m NaCl,

50 mM Tris-HCl pfi 7.6 and 1 mH EDTA at 65 »C for 2 minutes

and then at 45 8C for 2 hours, followed by slow cooling.

The product was used for transformation of Escherichia coli

by the method of Enea et al. [Journal of Molecular Biology,
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96. 495-509 (1975)].

(vii) Isolation of cDMA-containing plastic

In this way, about 20,000 tetracycline-resistant

strains were isolated. These DMAs were each immobilized

5 on a nitrocellulose filter. Based on the aaino acid

sequence of IL-2 as reported by Taniguchi et al. [vide

5 1

3 1

supra] , the base sequences ( AAA CAT CTT CAG TGT and

5 1 3
1

ACA TTC ATG TGT GAA ) corresponding to amino acids

7*" *

Kos. 74-78 (Lys "-Kis-Leu-Gln-Cys ) and amino acids Ncs .

122
10 122-126 (Thr -?he-Het-Cys-Giu) were chemically synxiie-

sized by the phosphotriester method [Crea e^ al., Proceedings

of the National Academy of Sciences, USA, T5' 5765-5765(1978)].

These oligonucleotides were labeled with 32
p

at the 5
1 end by conducting the reac-icn, using

15 t 4 polynucleotide kinase, in 50 \il of a reaction

mixture (0.20 ug cf oligonucleotide, 50 mM Tris-HCl pE 8.0,

10 tom MgCl
2

, 10 em uiercaptoe^hanol, 50 \iCi of y-oz? a??,

3 units of T4 polynucleotide kinase) . These labeled oligo-

nucleotides, as probes, were annealed with the above-mentioned

20 DNA fixed on the nitrocellulose filter, by the method of

Lawn et al. [Nucleic Acids Research, 9 r 6103-6114 (1981)]

and 4 strains reacting with the above two oligonucleotide

probes were isolated. The plasmid DNA was isolated from

each of these strains by the alkaline method [Birnboim et

25 al., Nucleic Acids Research, 1_, 1513-1524 (1979)]. The

insert of the plasmid DNA was excised using the restriction

enzyme Pstl. Of the plasmids isolated, the one which con-
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tained the longest insert fragment was selected and named

DILOT135-3.

The primary structure (base sequence) of the cDMA

sequence inserted in this piasmid ?ILOT135-3 was determined

5 by the dideoxynucloetide method and by the Maxam-Glibert

method. The primary structure is given in Fig. 1.

Example 1 Production of animal cell transfoment
(i) Construction of plasmid pTB106

The IL-2 gene portion (nucleotides Nos . 1-55S) was

10 excised irom the piasmid pIL0T135-8 (obtained in Refer-

ence Example) using the restriction enzymes Psti and stnl.

followed by agarose electrophoresis, which, cave a DMA

fragment (0.56 kb) . A 0.5-jAg portion of this DNA was dis-

solved in 15 ul of ligation buffer (66 mi': t--; 5 . HC n ^ - ,

15 6.6 mM MgCl
2 , 10 mil DTT, 66 uM ATP), followed by addition

of 0.2 ug of EamHl linker (CCGGATTCCGG) phcsphorylatsd at

the 5' end and 2 units of T4 DMA iigase. After 17 hours of

reaction at 14°C, the ligasa was inactivated by heat treat-

ment at 63'C for 10 minutes. Then, 5 volumes of distilled
20 water was added and the dilution was treated further with

30 units of BamKl and 8 units of Psti in BamHl buffer (10

mM Tris-HCl ?H 8, 100 mil KaCl, 10 mM HgCl
2

, 1 mM mercapto-

ethanol, 100 ug/ml bovine serum albumin) for 3 hours. Using

a Sepharose 40 column (0.5 cm in diameter, 15 cm long), the

25 linker fraction and the linker-joined IL-2 DNA were separated

from each other and the BamHI linker- joined IL-2 DMA (the

other end being Psti) was recovered by precipitation with

ethanol.
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The IL-2 gene portion (nucleotides Nos. 1-559) mentioned

above can be also obtained by ligation of chemically synthesized

nucleotides coding for IL-2 signal peptide sequence (codons

Nos* SI to S 20 in Fig. 1} and DNA fragment excised from

5 the plasmid pTF4 in transformant Escherichia coli DHl/pTF4

using restriction enzymes IssRI and £s£I followed by

digestion with SI nuclease.

10
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Separately, the known plasmid pPli [Okayama et ai.,

vice supra] was cleaved with the restriction enzymes HindiII

and Pstl, and a 0.5 kb DHA having the SV40 promoter and a

splice region was separated by agarose electrophoresis.

5 Furthermore, the plasmid pcDVl [Okayama et al., vide supra]

was cleaved with the restriction enzymes 3amKI and Hindlll,

and a 2.5 kb DNA fragment containing the poly (A) addition

region of SV40 and the replication origin and ampicillin

resistance gene derived from the plasmid p3R222 was produced

10 in a similar manner. These three DMA fragments were joined

together using T4 DMA ligase and the product was used for

transforming Escherichia coli DH1 [Maniatis et al., Molecular

Cloning, pages 249-255, Cold Spring Harbor Laboratory (1932)].

The amp icillin-resistant colonies obtained were screened for

15 plasmid isolation by the Birnboim-Doly method and the con-

struction of a plasmid for animal cell transformation, pTSlOG,

containing the human IL-2 gene was confirmed (Fig. 2) .

(ii) Construction of plasmics pTS213 and pTS215

The plasmid pYJl [Goff, S. P., Ceil, vipe supra] compris

20 the A-MuLV provirus DNA cloned in the plasmid pBR322 at the

Hindlll site was cleaved with the restriction enzymes BaroHI

and Pstl and a 1.2 kb DMA fragment containing the LTR region

was- isolated by agarose electrophoresis and purified. Further

more, the plasmid p8.2 [Niwa et al., vide supra] comprising

25 the M-MuLV provirus DNA cloned in pSR322 at the Hindlll site

thereof was cleaved with the restriction enzymes Pstl and

Clal and a 1.1 kb DMA fragment containing the LTR region was

isolated and purified.
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These LT?. region-containing DICA fragments (each 1 \ic)

were respectively dissolved in 19 ul of T4 DNA polymerase

buffer (33 mfi Tris -acetate (pH 7.3), S6 mM potassium acetate,

10 mW magnesium acetate, 0.5 mM dithiothreitol , 100 ua/ml

5 bovine seruni albumin) , and 1 yJ. of 2 dNTP (4 species;

dAT?, dCTP, dGT and dTTP) and 2.5 units of T4 DNA polymerase

were added. The reaction was. carried out at 37°C for 5

minutes and then terminated by adding 2.5 ul of 0.2 M EDTA

(pH 7) . DNA recovery was realized by extraction with

10 phenol-chloroform (1:1) -and precipitation with ethanol.

To these DMA fragments thus rendered blunt at both ends,

there was joined the Hindlll linker (CAAGCTTG) by the method

described in Example 1 (i)

.

Separately, the plasmid pTBlOS constructed in Example

15 1 (i) was cleaved with the restriction enzyme Hindiji (one

relevant site occurring upstream from the SV40 promoter) ,

and the phosphoryl group at the 5 1 end was eliminated by

treatment with alkaline phosphatase.

The Hindlll linker-joined 1.2 kb A-iluLV LT?„ region

20 DNA fragment or Hindlll 1.1 kb M-MuLV LTR region DNA frag-

ment was mixed with the pT3106 DNA Eindlll fragment, and

DNA ligation was effected under the action of T4 DNA ligase

,

whereby LTR region-containing plasmids for animal cell

transformation, pTB213 (derived from A-MuLV) and pT3215

25 (derived from M-MuLV) were constructed (Fig. 3).

(iii) Construction of plasmid pTE314

The plasmid pTB213 obtained in Example 1 (ii) was
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cleaved with the restriction enzyme Cla l and, after incu-

bation at 65 9 C for 10 minutes, the Clal was inactivated,

followed by elimination, from ?T3213, of a 0.13 kb Clal ENA

fragment upstream from the LTR region thereof by treating

5 with T4 DNA ligase. Thus was constructed a recombinant,

OTB271, with only one Eindlll cleavage site occurring between

the LTR region and the SV40 promoter region. This pTE27I

was further cleaved with the restriction enzymes Hindu I

and Xhol ^ each cohesive end was rendered blunt bv treatinc

10 with T4 DNA polymerase in the presence of the four dNTPs,

followed by ligation (without the SV40 promoter region) by

the T4 DNA ligase reaction, whereby a piasmid for animal

cell transformation, pTS314, having the A-MuLV LTR region

as the promczsr was constructed (Fig. 4).

15
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(iv) Construction of plasmid pTB385

pTB314 as obtained in Example 1 (iii) was cleaved

with the restriction enzyme Clal / rendered blunt-ended

by DNA polymerase reaction and joined with the

5 Hindlll linker (CAAGCTTG) by T4 DNA ligase reaction.

After cleavage with Hindlll, a 3.3 leb DNA fragment was

separated and purified by agarose electrophoresis and

rendered circular by the T4 DNA ligase reaction, where-

by a plasmid, pTB383, with the A-MuLV LTR region elimi-

10 nated; was obtained. "When an appropriate promoter is

inserted into this plasmid at the Sai l or Hindlll

cleavage site, the expression of IL-2 in aminal cells

becomes possible.

Separately, pATLV421 [plasmid cloned by Hatanaka

15 et al. (Institute for Virus Research, Kyoto University)

and having the nucleotides Nos . 5897-8894 of the ATLV

genome (Yoshida et al., vide supra)] obtained by cloning the

cDNA of ATLV (Yoshida et al. , vide supra)

by the methcc of Okayama and Berg [Okayaraa et al.,

20 Molecular and Cellular Biology, 2 r 161-170 (1982)] was

cleaved with Rsal and a 0.75 kb DNA fragment containing

the ATLV LTR region was separated and purified, and

joined with the Hindlll linker (vide supra) . This

Hindlll linker-joined 0.75 kb DNA fragment was mixed

25 with Hindll I-c leaved and alkaline phosphatase-treated

pTB383 and the mixture was subjected to T4 DNA ligase

reaction, whereby pTB385 was constructed (Fig. 5)

.
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(v) Construction of plasmids pTB4 85 and pTB4 87

Starting with pTB314 as obtained in Example 1 (iii)

,

a plasmid, pTB399, was constructed by conversion of the

Hindlll cleavage site to a Xhol site and of the PstI

cleavage site on the 5 1 end side of the IL-2 gene region

to an EcoRI site and insertion of a Bglll site directly

before the BamKI cleavage site occurring at the 3 f end

of the IL-2 gene region and of Clal and Hindlll cleavage

sites downstream from the poly (A) addition region.

'Separately, from among a cDNA library prepared

from hamster cell mRNA by the method of Okayama et al.

{Molecular and Cellular Biology/ 3_ f 280-289 (1983)], a

DHFR gene cDNA-cbntaining plasmid, pTB348; was selected.

pTB34 8 had a 1.1 kb hamster DHFR cDNA and, when used for

transfection of DHFR~ CHO cells, gave DHFR
+

cells in a

yield of about 100 cplonies per microgram of DNA.

This plasmid, pTB348, was cleaved with Clal,

treated with alkaline phosphatase and mixed with a 2.1

kb DNA fragment of pTB399 as separated and purified fol-

lowing cleavage with Clal [said fragment containing the

A-MuLV LTR region, splicing region (SV40, 16S) , IL-2

cDNA and poly (A) addition region (SV40 , early)] and the

mixture was subjected to T4 DNA ligase reaction, whereby

a plasmid, pTB485, was constructed (Fig. 6)

•

pTB348 was cleaved with BamHI, a DHFR gene cDNA-

containing 0.95 kb DNA fragment was separated and puri-.

fied and then inserted into pTB399 at the Bglll cleavage
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site by trie sane method as mentioned above. Among from

the plasmids obtained, the one with the DHFR gene in-

serted in the same direction as the IL-2 gene was selected

and named pTB487 (Fig. 6)

.

5 pTB485 has a construction such that the IL-2 gene

with A-MuLV LTR as the promoter therefor and the DHFR

gene with the SV40 replication start region as the pro-

moter therefor are connected in series in the same

direction whereas pTB487 has only one promoter, namely

10 A-MuLV LTR, and is a polycistronic vector, said promoter

also controlling and allowing the expression of the DHFR

gene occurring downstream from but close to the IL-2

gene.

(vi) Transformation of animal cells

Eagle's MEM medium containing 10% of feral bovine

serum was placed in Falcon dishes (6 cm in diameter) and

mouse TK-deficient L cells were cultured overnight at 37 °C.

Thereafter, these cells (7 x 10
5
ceils/dish) were blended

for inoculation with 0.2 ug of the plasmid pTX61 (prepared

by plaLmic isolation from Escherichia ,coli L257S [Gene, 7,

335-342 (1979); gift of Dr. Encuist] carrying a recombinant

obtained by cloning a TK-gene-containing 3.5 kb BamHI DNA

fragment of herpes simplex virus (HSV) in pBR322, and

cloning a TK gene-containing 2 kb PvuII fragment [Proceedings

of the National Academy of Sciences USA, 78, 1441-

1445 (1981)] in pBR322) and 10 ug of the pT3106, pTB213,

15

20

25
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PTB215 or pTE314 DMA by the method of Graham et al.

[Virology, 52, 456-457 (1973)]. After 4 hours of incubation
at 37°C, the median was exchanged for a fresh portion and
the incubation was continued overnight. On the next day,
the medium was exchanged for EAT medium (KE2I medium contain-
ing 15 ug/al hypoxanthine, 1 ug/mi amino^terine

, 5 Ug/ml
thymidine and 0.25 Ug/ml glycine) containing 10% of fetal
bovine serum, and incubation was continued at 37«c. kft^
about 2-3 weeks oS incubation while making medium exchange
at 3- <,r 4-day intervals, the growth of TK

+
cells reached

the stage of colony formation.

Separately, the plasmid pTB106, pTB314 or pTB385
'

was introduced, -together with the -plasmid PTB6 [plasmid
derived from a plasmid containing the herpes simplex
virus-derived TK gene by substituting, for the TK struc-
tural gene region thereof, a 1 kb Bclii-smal DNA frag-
ment containing the structural gene region of the neo-
i=ycin resistance gene of the transposon Tn5; having the
same constitution as PAG60 of Colbert-Galapin et al.

[Journal of Molecular Biology, 150, 1-14 (1981)]], into
human FL cells under the same conditions as used for
TK-deficient L cells, with Eagle's MEM medium (containing
10% bovine fetal serum) supplemented with 800 yg/ml of
G418 ("Geneticin", Gibco) as the selective medium. Con-
tinued cultivation on the selective medium for 2-3 weeks
resulted in colony formation due to proliferation of

G418-resistant cells.
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As. for the plasmids pTB485 and pTB487, DHFR~ CHO

cells [Urlaub et al . , Proceedings of the National Academy

of Sciences of "SA, 77, 4216-4220 (1980)] were cul-

tivated on HAM 1 s F12 medium containing 5% bovine fetal serum

and transfected with 1 yg (for pTB485) or 5 yg (for pTB487)

per dish of plasmid by the method of Graham et al. (vide

supra). Two days later, the medium was -replaced with

Dulbecco's modified MEM medium containing 10% dialyzed

bovine fetal serum and 35 yg/ml proline, followed by con-

tinued cultivation on this selective medium. After 2-3

weeks/ the growth of cells which had become DHFR
+
.resulted

in colony formation. The colony formation percentage

for pTB4 87 was at most one tenth of that for pTB485.

(vii) Cloning. of transformant cells

The transformant cells obtained in Example 1 (vi)

were respectively cloned by a conventional method (e.g.

limited dilution method) . After clcning, the clones of

L (TK
+

) cells and FL(G418 r ) cells were cultivated on

Eagle's MEM medium containing 10% bovine fetal serum

and the clones of CKO(DKFR
+

) cells on DuLbecco f s

modified MEM medium containing 5% bovine fetal serum

and 35 yg/ml proline. Cells of each clone isolated were

scattered on a Linbro dish. When cell growth reached about

80% confluency, the medium was replaced with a fresh

portion. After the subsequent 4 8 hours of incubation,

the culture supernatant was assayed for IL-2 activity.
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In the case of mouse L cells, among 9

transformant cell clones obtained with p?5106, clone 4

[L-IL106-4] showed the highest IL-2 activity of 0.6 U/ml.

From among the transforraant cells obtained with pTB213,

5 there was isolated clone 3 [L-IL213-3] which showed an

activity of 4.6 U/ml; front among the transformant cells

obtained with pTB215 # clone 4 [L-TL215-4] , which showed an

activity of 1.9 U/ml; and, from among the transfomant ceil

obtained with pT3314, clone 12 [L-IL314-12] , which showed a

10 activity/ of 4.6 U/ml. The results are shown in Table 1.

Table 1

20

Plasmid Transformant (clone)
IL-2 activitv

U /el
'

PTE 10 6 L-IL106-4 0. 6

pT E 2 1 3
L — I L 2 13-2 2. 3

L-IL 2 13-3 4. 6

PTE 2 1 3
L-IL21 5-1 1. 3

t-l L 2 1 5-4 1. 9

pTE 3 14
L-I L 3 1 4-9 -3

... 2

L-I 1314-12 4. 6

25
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In the case of Human FL cells,. the cells transformed

with the plasnid 0TBIO6 showed only an IL-2 activity as

low as 0.2 U/ml or less. Similarly, the cells transformed

with pTB314 showed an IL-2 activity as lpw as 0.2 0/nl

.

[FL-IL314-1]
. on the other hand, transformation with the

ATLV promoter-containing plasmid pTB385 gave a clone showing

an IL-2 activity of 1.5 U/ml [FL-IL385-6] . The results

obtained are given in Table 2.

Table 2

PJLasmid' Transformant (clone) IL-2 activity (U/ml)

PTB106 FL-IL1Q6-1 '

<0.2

PTB314- FL-IL314-1 Q.2

PTB385 FL-IL385-3 0.7

FL-IL385-6 1.5

In the case of hamster CHO cells, transformation

with the plasmid pT34 85 gave a clone .showing an IL-2

activity of 2.0 U/ml [clone C-IL435-4] and a clone showing

an IL-2 activity of 0.3 U/ml [C-IL485-5] . On the other

hand, transformation with the plasmid pTB4S7, which can

be considered to be a polycistronic vector, gave a clone

showing an IL-2 activity of 10.5 U/ml IC-IL487-10]

.

The results obtained are shown in Table 3.

25
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(viii) Gene amplification

The IL-2-producing CHO cell strain C-IL485-4 obtained
in Example 1 (vii) was grown on Dulbecco's modified MEM

medium (containing 5% bovine fetal serum and 35 yg/ml

proline) with 10 nM methotrexate (MTX) added. This clone
showed normal growth in the presence of MTX in said con-

centration. Therefore, the MTX concentration was~increased

to 100 nM and subculturing was continued. When the WTX
concentration was raised to 1 yM, most cells died.

However, continued incubation with medium exchange at

3- or 4-day intervals resulted -. in the start of growth,

in the form of colonies, of several cells out of 10 s cells.

After sufficient growth of these cells, the cells were

subcultured on a medium having an MTX concentration of

10 W, whereupon, again, most of the cells died, a few

cells alone showing colony-forming proliferation.

The cells thus obtained showed stable and normal growth

in the presence of 10 pM MTX and, when returned to anMTX-
'

free medium and then, after several subcultures', cultivated

in the presence of 10 pM MTX, crew normally. The OIL485-4
cells resistant to 10 UM MTX produced 59.0 U/ml of IL-2

in the culture medium under the same conditions as used in

Example 1 (vii) , the yield being about 30 times as com-

pared with the starting clone.
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Also with the cell strains C-IL485-5 and C-IL487-10,

cells resistant to 10 pM ilTX were isolated by the same

method. In either case, MTX-resistant cells gave an in-

creased IL-2 activity in the culture medium as compared

5' with the starting cells. The results obtained are shown in

Table 3-

Table 3

10

Plasmid Transformant
(clone)

IL-2 activity (U/ml)
Starting
cells

KTX (10
cells

pM) -resistant

pTB485 C-IL485-4 2.0 59.0

pTB485 C-IL485-5 0.3 4.1

pTB487 C-IL487-10 10.5 20.3

25 Example 2 Cultivation of transforaanc

With the animal cell transformant L-IL314-12 obtained

in Example 1 (vii), the culture supernatant IL-2 activity

was assayed at timed intervals. Thus, Palcon dishes, 3.5

cm in diameter, were each seeded with 1.5 x 10" L-IL3 14-12

20 cells and cultivation was conducted in 2 ml of MEM medium

containing 10% of fetal bovine serum at 37°C in a C0
2

in-

cubator. Starting from 1 day after commencement of incu-

bation, the number of cells and the culture supernatant

IL-2 activity were followed daily (Fig. 7) . IL-2 was pro-

25



- 39 - 0172619

duced and accumulated as the cell proliferation proceeded

and, even after the cell proliferation had subsided, the

production of IL-2 continued. The maximum activity at-_ilr.ec

was 24.6 U/ml.

5 Also for the FL-IL385-6 cells obtained by introduction

of the plasmid pTB385 into human FL cells, the IL-2

activity in the culture medium was assayed at timed inter-

vals. Onto Eagle's MEM medium containing 10% bovine

fetal serum in a Falcon dish (3.5 cm in diameter),

10 there Were dispersed 3 x 10 s cells- Cn the next

day, the medium was replaced with a fresh 2-ml portion

of the same medium. Thereafter, the cell count and

IL-2 activity in the culture medium were determined every

day [Fig. 8]. Like the case of L-IL314-12 cells, IL-2 was

15 produced and accumulated with the growth of cells.

The IL-2 production continued even after termination of

cell growth and attained a maximum activity of 10.1 U/ml.

The IL-2 production was determined at timed intervals

also for the transformant cell strain C-IL485-4 and the

20 clone C-IL485-14 from MTX (10 pM) -resistant cells of

said strain. The culture medium used was Dulbecco's

modified MEM medium containing 5% bovine fetal serum and

35 ug/ml proline and other conditions were the same as

above [Fig. 9]. The maximum IL-2 activity was 119 U/ml.

25
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Example 3 Separation of glycosylated human IL-2

The animal cell transformant (clone) L-IL213-3 obtained

in Example l(vii) was grown in MEM medium containing 10%

of fetal bovine serum. Cells were cultured on Falcon dishes

(Falcon) , 3 en in diameter, and, on day 2, the medium was

exchanged for a methionine-free MEM medium containing 35
S-

roethicnine in an amount of 50 yCi (10
3

Ci/mM) . Continued

cultivation resulted in labeling of the IL-2 molecule se-

creted out of cells. After continued cultivation in MEM

medium containing 35S-methionine, the culture broth and

cells were collected wi-thin 1-72 hours and centrifuged at

15,000 rpm and 4°C for 20 minutes . To a 180~ul portion of

the supernatant thus obtained, there was added 20 y.1 of

anti-human IL-2 antiserum (rabbit) and the mixture was

allowed to stand at 37°C for 1 hour and then at 4 °C for 24

hours- Then, 100 pi of 10% protein A suspension (0.05 M

Tris^—0.15 M NaCl, 5 mM EDTA pE 7.4, 0.05% NP-40) was added

and the whole mixture was allowed to stand at 4 °C for a

further 1-2 hcurs [Journal* -of Immunology , 115 , 1617-162 4

(1575) ] . The protein A-bound antigen-antibody complex was

collecrted by centrifugation at 12,000 rpm for 2 minutes,

the precipitate was washed 4 or 5 'times with NET buffer

containing 0.05% of NP-40 and then suspended in 30 \xl of
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a buffer for polyacrylamide gel electrophoresis samples,

and the suspension was heated at 100°C for 5 minutes. After

centrifugation, the supernatant collected was subject-ad Ho

17% polyacrylamide gel electrophoresis (40 volts, 17 hs:rs;

5 [Nature, 227, 680-685 (1971)]. The gel was then fixed with

50% trichloroacetic acid and subjected to fluorography . On

the autoradiogram obtained, the IL-2 molecule reacting with

anti-IL-2 antiserum was detected as two bancs about 14 kilc-

daltons and 16-17 kilodaltons in molecular weight (Fic.lO.

10
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CLAIMS

1. An animal cell transformed with a DNA having a region
coding for a human interleukin-2 protein and at least
one promoter upstream therefrom,

2. The transformant according to claim 1, wherein the DNA
further has at least one enhancer.

3. The transformant according to claim 2 f wherein the enhancer
is an animal virus-derived enhancer.

4. The transformant according to claim 1, wherein the promoter
is an animal virus-derived promoter.

5. The transformant according to claim 3 or 4, wherein the

animal virus is simian virus.

6. The transformant according to claim 3 or 4, wherein the

animal virus is murine "retrovirus.

7. The transformant according to claim 3 or 4, wherein the

animal virus is human retrovirus.

8. The transformant according to claim 2, wherein the enhancer
is an enhancer of the repeating base sequence portion
in a retrovirus LTR region. .

9. The transformant according to claim 2, wherein the enhancer
is an enhancer of simian virus 40 promoter region.

10. Thv transformant according .to claim 2, wherein the enhancers

are those of the repeating base sequence portion in a

retrovirus LTR region and of simian virus 40 promoter

region.

11. The transformant according to claim 1, wherein the promoter

is a promoter derived from a retrovirus LTR region.

12. The transformant according to claim l f wherein the promoter
is a promoter derived from simian virus 40 promoter region.
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13. The transformant according to claim 1, wherein the promoters

are those derived from a retrovirus LTR region and derived

from simian virus 40 promoter region.

14. The transformant according to claim 1, which further carries

a gene amplification gene.

15. The transformant according to claim 14, wherein the gene

amplification gene is dihydrofolate reductase gene.

16. The transformant according to claim 1, wherein the animal

cell is a mouse cell,

17. The transformant according to claim l f wherein the animal

cell is a human cell.

18. The transformant according to claim 1, wherein the animal

cell is a hamster cell.

19. The transformant according to claim 1, wherein the trans-

formation has been carried out by co-transformation.

20. The transformant according to claim l f which is Mouse

L-IL213-3 cell.

21. The transformant according to claim 1, which is Human

FL-IL385-6 cell.

22. The transformant according to claim 1, which is Hamster

C-IL485-14 cell.

23. A method of producing a human interleukin- 2 protein which

comprises cultivating the transformant defined in claim

1 to thereby cause production and accumulation of said

protein in the culture and recovering the same.

24. The method according to claim 23, wherein the human interleukin

2 protein is glycosylated human interleukin protein.

25. The method according to claim 23, wherein the cultivation

is carried out under the gene amplification codition.
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5
GGGGGGGGGGGGGGGGGATCACTCTCTTTAATCACTACTCACAGTAACC

SI
TCAACTCCTGCCACA ATG TAC AGG ATG CAA CTC CTG TCT TGC

s ?n i

ATT GCA CTA AGT CTT GCA CTT GTC ACA AAC AGT GCA CCT

ACT TCA AGT TCT ACA AAG AAA ACA CAG CTA CAA CTG GAG

20
CAT TTA CTG CTG GAT TTA CAG ATG ATT TTG AAT GGA ATT

AAT AAT TAC AAG AAT CCC AAA CTC ACC AGG ATG CTC ACA

TTT AAG TTT TAC ATG CCC AAG AAG GCC ACA GAA CTG AAA

60
CAT CTT CAG TGT CTA GAA GAA GAA CTC AAA CCT CTG GAG

GAA GTG CTA AAT TTA GCT CAA AGC AAA AAC TTT CAC TTA

AGA CCC AGG GAC TTA ATC AGC AAT ATC AAC GTA ATA GTT

100
CTG GAA CTA AAG GGA TCT GAA ACA ACA TTC ATG TGT GAA

TAT GCT GAT GAG ACA GCA ACC ATT GTA GAA TTT CTG AAC

120
AGA TGG ATT ACC TTT TGT CAA AGC ATC ATC TCA ACA CTG

133
ACT TGA TAATTAAGTGCTTCCCACTTAAAACATATCAGGCCTTCTATTT

ATTTAAATATTTAAATTTTACCCCCCCCCCCCCCC3 '
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